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 Cdo-TiO2 nanocomposites were synthesized by varying the molar ratio of 

CdO: TiO2 as 1:1, 1:2, and 2:1 using the sol-gel method. The pH value for all 

the CdO-TiO2 nanocomposites was controlled at two different values, pH-3 

and pH-13. The nanocomposites were used for facilitating photolytic 

degradation of azo dye (Reactive Green-19). The surface morphology, 

crystallinity, and properties related to interactions with the light of the 

prepared catalyst were examined by scanning electron microscopy (FE-

SEM), X-ray diffraction (XRD), and ultraviolet-visible (UV-Vis) 

spectrophotometer, respectively. The nanocomposites for all molar ratios 

synthesized at pH-3 showed rod-like structure and some irregular shapes, 

while those synthesized at pH-13 were spherical. From XRD patterns, 

composites at pH-3 and pH-13 were crystalline; however, those at pH-3 were 

more crystalline. The parameters, namely initial dye concentration, pH of 

dye solution, and catalyst concentration, affecting photocatalytic activities 

were examined and optimized at 75 ppm, pH-7.5, and 1g/L, respectively. The 

progress of the degradation process of Reactive Green-19 was observed by 

monitoring the change in the concentration of the dye after a certain time 

interval by measuring the absorbance by UV-Vis spectrophotometer. 

Catalyst A1:1 (The nanocomposites obtained at pH-3 with 1:1 mol% of 

CdO:TiO2)  showed maximum degradation (94.53 %) at a catalyst 

concentration of 1 g/L.  
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1. Introduction 

Sustainable growth is the most important aspect of 

modern-day research. Rapid industrialization and 

simultaneous increase in environmental concern 

have attracted the attention of many researchers 

towards wastewater treatment. Textile industry 

effluent is one of the significant sources of water 

pollution in India.  This effluent contains mainly 

organic dyes and compounds. These compounds 

can cause diseases such as cancer. Other harmful 

effects of this effluent include mutagenicity, skin 

irritation, and ulceration of the skin [1,2]. 

https://aet.irost.ir/
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 Worldwide, textile industries use azo dyes, a 

significant class of synthetic dyes, because of their 

low cost and availability in various color variants 

[3]. The presence of one or more aromatic parts 

with azo bonds (-N=N-) is characterized as reactive 

dyes [4]. The most common colorant widely used in 

textiles, paint, and garment industries is reactive 

Green 19(RG-19). RG- 19 molecular structure has 

twin azo groups as a chromophoric moiety.  Also, it 

has a couple of reactive chlorotriazine groups. The 

presence of these reactive groups makes Reactive 

Green 19 the most preferred azo dye in textile 

industries. [5]. When applied to fabric, it gets 

washed away with water, generating a huge 

amount of effluent that needs to be treated. These 

azo dyes cause health problems for humans and 

animals if they enter the body through drinking 

water. The effluent containing azo dyes needs to be 

treated for degrading the dyes before it is 

discharged into the environment. Advanced 

oxidation processes (AOPs) are universally 

recognized nowadays for the complete destruction 

of contaminants present in wastewater. 

Adsorption [6,7], chemical oxidation [8], electro-

coagulation [9], microbial action [10,11], and 

photocatalysis [12,13] are various AOPs that are 

generally used for wastewater treatment; each 

process has its own limitations. Nowadays, most 

studies have focused on photocatalysis using 

semiconducting nanomaterials as the catalyst for 

the degradation of reactive azo dyes. 

Heterogenous photocatalysis has emerged as an 

important process for removing organic pollutants 

that are soluble in water [14-16]. For the complete 

destruction of organic pollutants, various types of 

semiconductors like titanium dioxide, zinc oxide, 

cadmium sulfide, tungsten trioxide are widely used 

in the photocatalytic process [17-19]. As per the 

literature, TiO2 is one of the most frequently used 

photocatalyst due to its photosensitive and stable 

nature. [17-20]. Semiconductor nanoparticles with 

different band gaps are coupled to increase the 

efficiency of the photocatalytic process [21,22]. 

Recently, CdO (2.2 eV) has been reported as an 

important semiconductor for the wastewater 

treatment of organic pollutants [23]. CdO- TiO2 

nanocomposites have been used for the 

degradation of organic methyl blue and methyl 

orange dyes with 99 and 97 percent degradation 

efficiency, respectively [24]. The objective of the 

present work is to synthesize and characterize 

CdO/TiO2 nanoparticles and study their use in the 

photolytic degradation of Reactive Green 19 (RG-

19) dye. The optimum proportion of CdO and TiO2 is 

determined by carrying out experiments at 

different proportions based on earlier reported 

results. In the present investigation, the synthesis 

of CdO/TiO2 nanocomposite is carried out at 

different CdO/TiO2 molar ratios (1:1, 1:2 and 2:1) 

and pH values (3 and 13) using cadmium acetate 

and titanium isopropoxide (TTIP) as precursors of 

CdO and TiO2. The effect of different molar ratios 

and pH on surface morphology, crystallinity, and 

band gap of nanocomposite was determined using 

FE-SEM, XRD, and UV-spectrophotometer, 

respectively. The prepared CdO/TiO2 

nanocomposites were used for the light-induced 

decomposition of Reactive Green 19 (RG-19). The 

influence of parameters like initial dye 

composition, the concentration of catalyst, and pH 

of dye solution were examined. 

2. Materials and methods 

2.1. Materials 

TTIP and cadmium acetate were procured from 

Avra Chemicals (Hyderabad, India). The ethanol 

was procured from Merck, Germany. The 

hydrochloric acid and liquid ammonia were 

purchased from Merck, India. The Reactive Green-

19 dye was purchased from Sigma Aldrich. 

2.2. Synthesis of CdO/TiO2 nanoparticles 

The nano-sized CdO-TiO2 was formed by a simple 

sol-gel technique using cadmium acetate and TTIP 

as precursors of CdO and TiO2, respectively.  The 

precursors of cadmium acetate and TTIP (1:1 mol 

%) were separately hydrolyzed at 80 oC in distilled 

water. The pH (acidic-3, basic-13) of both 

precursors were adjusted by using 0.1N each of HCl 

and liquid ammonia. Then, both precursor solutions 

were mixed and agitated for 10 minutes. 

Subsequently, 50 ml of distilled water was added to 

the mixture and stirred. After 30 minutes, the 

required pH of the overall reaction was again 

maintained, and vigorous agitation was carried out 

at 80°C for three hours. The obtained solution was 

dried in a hot air oven at 100 oC until completely dry. 

Calcination was performed at 450 oC for 180 
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 minutes in a muffle furnace to increase the 

crystallinity of the nanoparticles. The 

nanocomposites obtained at pH-3 and pH-13 were 

named A1:1 and B1:1, respectively. The same 

procedure was repeated for 1:2 and 2:1 mol% of 

CdO: TiO2 nanocomposites for both pHs and 

named A1:2, B1:2 and A2:1, B2:1, respectively. This 

proportion was estimated based on the findings of 

an earlier investigation [24].  

2.3. Characterization methods 

Scanning electron microscopy (FE-SEM-S 4800, 

Hitachi, Japan) was used for determining the 

shape, size, and surface characteristics. The study 

of the size, shape, and structure of the 

nanocomposites was carried out by facilitating the 

golden layer using an ion sputter (Hitachi E1010).  

For this purpose, the nanocomposite was fitted on 

a brass stub with adhesive tape at 5 pascal pressure 

in an ion sputter (Hitachi E1010). XRD using a 

(Bruker AXS D8 Advance) diffractometer was 

employed for structural analysis. The XRD patterns 

were obtained over the angular range of 2θ = 10 – 

80º. The optical properties of the nanocomposites 

were studied for the calculation of band gap energy 

with a Double Beam UV 1800 spectrophotometer 

(Shimadzu, Tokyo, Japan) in the 200-800 

nanometer range. The synthesized nanoparticles 

(1g/cc) were dispersed in ethanol with an ultrasonic 

probe sonicator(Athena-ATP-150) for 15 minutes 

prior to recording. 

2.4. Experimental procedure for light induced 

degradation of dyes 

The degradation of the RG-19 was conducted for all 

synthesized catalysts at a different pH and molar 

ratio. A simple batch reactor under solar light 

irradiation was used for this examination. An 

Illumination Digital Lux Meter (TES-1332A) was 

used to measure solar intensity. The experiments 

were scheduled between 11 am to 4 pm IST to ensure 

a sufficient intensity of light. In Jalgaon, the 

summer temperature is 33 0C, and the average light 

intensity is 130 Lumens per square meter. 

Experiments were conducted in a 250 ml  beaker as 

the batch reactor. In each experiment, solutions at 

different concentrations of RG-19 dye (50, 75, and 

100 ppm) were prepared; different concentrations 

of synthesized CdO-TiO2 nanocomposites (0.5, 1, 

and 1.5 gm/lit) were added to the dye solutions, 

and these were placed on the magnetic stirrer 

under solar irradiation. The pH of the dye solution 

was maintained by adding 0.1 N hydrochloric acid 

and 0.1 N sodium hydroxide. The photocatalytic 

degradation progress of RG-19 was monitored.  For 

this, aliquot samples were withdrawn at regular 

time intervals. These aliquots were filtered using a 

syringe filter, and the absorbance spectra were 

recorded in a UV-Vis spectrophotometer. 

3. Results and discussion  

3.1. Field emission scanning electron microscope 

analysis (FE-SEM) 

The surface morphology of the synthesized CdO-

TiO2 nanocomposites at pH-3 and pH-13 with a 

different molar ratio of the precursor is shown in 

Figure 1. For the equal concentration of CdO and 

TiO2, the composite consisted of nanorods with an 

approximate diameter of 80-90 nm and were 

aligned randomly. The composite A1:2 contained 

nanorods that were aggregated, but A 2:1 was 

comprised of nanorods with few polygon-shaped 

structures. B1:1, B1:2, and B2:1were prepared at 

pH-13, and the effect of the pH change was 

clearly seen due to the change in morphology from 

nanorods to spherical particles. The B1:1 

composite was observed as an aggregated sphere 

with an average diameter equal to 70-75 nm; the 

B1:2 composites appeared like spheres bound in 

the shape of a tripod. These nanocomposites also 

possessed some hexagonal structure. The B2:1 

composite was aggregated to form a secondary 

spherical structure with relatively large size-like 

corals. 

3.2. X-Ray Diffraction Analysis (XRD) 

The XRD pattern of all the synthesized CdO-TiO2 

nanocomposites at various molar ratios of CdO: 

TiO2 and at different pH values (pH-3 and pH-13) 

are depicted in Figures 2(A) and 2(B). A 

comparison with the standard database of CdO 

and TiO2 indicates that the peaks of both 

compounds are present in diffraction patterns. 

The characteristic peaks of TiO2 at angles 25.30, 

37.80, 46.10, 53.90, 58.00, 62.70, and 68.80 

corresponds to the respective (101), (112), (-531), 

(105), (204), (213), and (116) diffraction peaks of 

anatase phase TiO2 according to the reference 

patterns by the Joint Committee on Powder 
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 Diffraction (JCPDS 898-4921). The CdO peaks at 

angles 30.00, 33.20, 38.330, 49.90, and 56.00 

correspond to the (100), (111), (200), (110), and 

(220) planes, respectively, which resembles the 

cubic structure of CdO as per reference patterns 

(JCPDS card no. 65-2908). A small alteration in the 

intensity of the peaks was seen due to variation 

in the molar ratio of CdO and TiO2. The intensity of 

the peaks was lower at pH-3 than pH-13, which 

indicated that at pH-3, the material was more 

crystalline than at pH-13. Also, it was observed 

that some peaks were absent at pH-13, i.e., 2θ = 

25.30, 53.90, 56.00, 62.70, and 68.80.  

 

 
Fig.1. Surface morphology with different molar ratio of 

precursor. 
 

Fig. 2. XRD pattern of Synthesized catalyst [A. at pH=3, 

B.At pH=13]. 

 

3.3. UV-Vis spectrophotometer 

The UV-Vis spectra for all synthesized 

photocatalysts are shown in Fig. 3. The absorbance 

versus wavelength plots for the above six 

combinations (A1:1 to B2:1) are plotted in this 

figure. The CdO-TiO2 ratio has a significant effect 

on absorbance-wavelength characteristics. 

3.4. Effect of initial dye composition 

The effect of initial dye content (C0) on the 

process of decomposition of RG-19 by CdO-TiO2 is 

studied experimentally. The runs were carried out 

with different concentrations of RG-19 [50 ppm, 

75 ppm, and 100 ppm]. The catalyst 

concentration was maintained at 1 g/L, and the 

pH of the solution (7.5) was kept constant. The 

results are shown in Figure 4. It is seen that at a 

higher concentration of RG-19, the percentage 

degradation was less. A high concentration of dye 

results in a deep-colored solution that decreases 

UV light penetration. When the concentration of 

RG-19 increased, the equilibrium adsorption of 

dye on the CdO-TiO2 catalyst also increased, 

which reduced the adsorption of the hydroxyl 

radical (*OH), an  active species for photocatalytic 

degradation [25]. So, when C0 increased, the rate 
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 of photocatalytic degradation of RG-19 

decreased. From Figure 4, we can conclude that 

the photocatalysts of A1:1 (92.38 %) and B2:1 

(92.30 %) show maximum degradation of dye for 

the C0 value of 75 ppm and 50 ppm, respectively, 

after 160 min. Hence, 75 ppm was taken as the 

optimum initial dye concentration. 

Fig. 3. UV-Vis transmittance spectra for all synthesized catalyst. 
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Fig. 4. Percentage degradation of RG-19 at various initial dye concentrations. 

3.5. Effect of pH of dye solution 

The pH of the dye sample is a significant factor 

in decomposition. It affects the surface charge of 

the semiconductor photocatalyst and thereby 

affects the transfer of electrons and the process 

of light-induced redox reaction. So it is important 

to know the pH effect on the light-induced 

decomposition of RG-19. The initial pH of the dye 

was 7.5. The pH effect was studied for pH-5 and 

pH-10, keeping the concentration of dye solution 

at 75 ppm and catalyst concentration 1 g/L at a 

constant value. The dependence of pH on the 

photocatalytic degradation of RG-19 is shown in 

Figure 5. The results indicate that pH-7.5 shows the 

maximum rate of degradation for all the 

synthesized catalysts. The results at pH-10 and 

pH-5 show a lower degradation rate than pH-7.5, 

which is in agreement with the results obtained by 

Chen et al.  [26]. It is also reported that under 

acidic conditions, TiO2 nanoparticles are 

agglomerated, and the surface available for dye 

adsorption is reduced, resulting in the reduction of 

the rate of degradation [27]. The photocatalyst 

A1:1 at pH-7.5 showed maximum degradation, 

i.e., 94.53 % after 180 minutes. 

3.6. Effect of catalyst loading 

The optimum catalyst loading was assessed by 

conducting three sets of experiments. These 

experiments were conducted by varying the 

amount of catalyst (0.5, 1, and 1.5 g/L). The initial 

dye content (75 ppm) and pH of the dye solution 

(pH-7.5) were kept constant. The effect of 

catalyst loading on the degradation of RG-19 is 

shown in Fig. 6. It was observed that the dye 

degrades faster with an increase in catalyst 

concentration from 0.5 g/L to 1 g/L. However, for 

the catalyst concentration of 1.5 g/L, there was an 

increase in turbidity. This resulted in a reduction 

in the light transmission through the solution, 

which in turn decreased the degradation rate. 

There was an increase in the number of active sites 

on the catalyst with an increase in catalyst 

concentration. This resulted in an increase in the 

number of hydroxyl and superoxide radicals, 

which were responsible for the rate of 

degradation. An increase in catalyst 

concentration above the optimum value resulted 

in a drop in the rate of degradation, owing to the 

rise in the solution’s turbidity [28]. The 

aggregation of the catalyst occurred at a higher 

concentration of the catalyst, which reduced the 

surface area of the catalyst. And this resulted in 

a decrease in the rate of degradation. Catalyst 

A1:1 showed the maximum degradation at 

catalyst concentration 1 g/L, i.e., 94.53 %. 
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Fig. 5. Percentage degradation of RG-19 at various pH. 

Fig. 6. Percentage degradation of RG-19 at different catalyst loading. 

3.7. Effect of variation of molar ratio of CdO and 

TiO2  

Cadmium oxide has advantages such as high 

carrier concentration, high electrical 

conductivity, greater chemical stability, 

widespread availability, and high transparency in 

the visible range [29]. But at higher 

concentrations, due to the action of CdO as an 
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 active site, the catalytic activity in the presence 

of CdO increases for the reduction of oxygen 

molecules by the electrons of the conduction 

band. So a decent combination of CdO with other 

catalysts is being explored. The effect of variation 

of molar ratio of CdO and TiO2 in the catalysts on 

photocatalytic activity was observed from the 

degradation results of all catalysts. The A1:1 

photocatalyst showed the maximum degradation 

of dye. The variation in the concentration of CdO 

and TiO2 affected the particle size and band gap 

of nanoparticles. The larger particle size lowers 

the value of the band gap of the material, which 

ultimately affects photocatalytic activity [30,31]. 

Crystallite sizes, band gaps and % degradation for 

synthesized photocatalysts are depicted in Table 

1. It was observed from the results (Table 1) that 

photocatalyst A1:1 had a lower band gap than the 

other photocatalyst. 

Table 1. Crystallite size of the synthesized 

nanocomposites. 

CdO-TiO2 

Catalyst 

Crystallite 

size (nM) 

Band 

gap (eV) 

% 

Degradation 

A 1:1 38.3 3.505 94.53 

A 1:2 29.42 4.02 64.75 

A 2:1 36.56 4.022 78.79 

B 1:1 31.51 4.071 88.78 

B 1:2 29.39 4.024 86.09 

B 2:1 32.65 4.029 87.1 

It has been reported that the lower the band gap, 

the higher the photocatalytic activity [32]. It was 

observed from optimized batch results that the 

photocatalyst synthesized at pH-3 showed the 

maximum degradation of dye. A similar result has 

been reported for the photocatalytic activity of 

the TiO2 photocatalyst synthesized at pH-3 [33]. 

Conclusions 

The photocatalytic degradation of pollutants is a 

promising method for effectively degrading dyes 

and other water pollutants [34]. Many 

investigators are exploring the synthesis and 

characterization of nanocomposites by various 

techniques [35]. In this study, the CdO-TiO2 

nanocomposites of different molar ratios (CdO: 

TiO2) were synthesized at pH-3 and pH-13 by the 

sol-gel method for application in photocatalytic 

degradation of azo dye (Reactive Green-19) under 

sunlight. Cadmium oxide has advantages like high 

carrier concentration, high electrical conductivity, 

greater chemical stability, widespread availability, 

and high transparency in the visible range [29]. But 

at higher concentrations, due to the action of CdO 

as an active site, the catalytic activity in the 

presence of CdO increases for the reduction of 

oxygen molecules by the electrons of the 

conduction band. So a decent combination of CdO 

with other catalysts is being explored. The changes 

in morphology, crystallinity, and optical properties 

due to change in the molar ratio of the precursor 

and pH variation were observed by FE-SEM, XRD, 

and UV-Vis spectrophotometer analysis. The FE-

SEM images showed the change in morphology 

from a rod shape to a spherical shape for pH-3 and 

pH-13, respectively. The XRD analysis indicated a 

reduction in crystallinity as the pH changed from 

acidic to basic. Due to the change in the molar ratio 

of the precursor, the crystallite size was affected, 

and optical properties like absorption wavelength 

were also affected. The effect of variation in the 

operational parameters of photocatalysis, such as 

initial dye content, pH of dye solution, and catalyst 

loading, were observed and optimized as 75 ppm, 

pH-7.5, and 1gm/lit, respectively. Photocatalyst 

A1:1 showed maximum degradation (94.53%) of 

dye Reactive Green-19 in 180 minutes.  
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